Gynura bicolor DC. (G. bicolor) is a popular vegetable consumed in many Asian countries. In this study, chemical profile and antioxidant activity of G. bicolor ethanolic extract were studied. The extraction conditions were optimized and the total phenolic content of G. bicolor was determined as 10.38 mg of gallic acid equivalents per gram of dry matter. Twenty three compounds were identified in G. bicolor by HPLC-Q-TOF-MS analysis. Among them, 14 phenolic compounds, including ninepolyphenols and five flavonoids were found. 3-O-and 5-O-p-coumaroylquinic acid were the most abundant phenolic compounds in the vegetable. The ethanolic extract of G. bicolor showed appreciable antioxidant activity as analyzed by radical scavenging and reduce power tests.
Introduction
Epidemiological studies have proved the positive effects of consumption vegetables and fruits on human health. One possible reason is that vegetables and fruits contain high amount of antioxidants, which can scavenge excess reactive oxygen species (ROS) and prevent cell death and tissue damage. [1] Hence, the studies on natural antioxidant, especially phenolic compounds, have gained increasing attention. [2] [3] [4] Gynura bicolor DC. (G. bicolor) is a perennial plant belonging to the Asteraceae family. Its leaf part with characteristics of reddish purple color on the abaxial side is a popular vegetable consumed in many Asian countries (e.g. China, Japan, Thailand, etc). The cooked vegetable shows good flavor and is believed to confer many health-promoting effects, such as antihyperglycemic, antioxidative, etc. Scientific studies have showed that the extract of G. bicolor could decrease ROS formation, preserve glutathione content, and retain glutathione peroxide and catalase activities in high-glucosetreated HUVE cells. [5] Teoh et al. have found that the ethyl acetate extract of G. bicolor possessed cytotoxicity and induced apoptotic and necrotic cell death in human colon carcinoma cells). [6] Hsieh et al. have showed that injection of water extract of G. bicolor could maintain physiological homeostasis and enhance immunity against V. alginolyticus infection in white shrimp. [7] Similar results were also obtained in white shrimp through dietary administration of G. bicolor extract for 7-28 days. [8] Phenolic compounds, such as phenolic acids, flavonoids and anthocyanins are thought major related to the physiological effects of G. bicolor. However, researches on the phytochemical profile of G. bicolor are rare. Shimizu et al. have isolated three anthocyanins from the leaves of G. bicolor. [9] Chao et al. have determined some common phenolic acids and flavonoids in G. bicolor by HPLC using limited external standards. [5] Two terpenes, four megastigmane-type norisoprenoids and two glycosides were isolated from the ethanolic extract of G. bicolor. [10] GC-MS analysis showed that (E)-caryophyllene, α-humulene, and bicyclogermacrene are the major components of the volatiles of field-grown G. bicolor. [11] However, the definite phytochemical profile of this plant remain unclear. In the present study, the chemical profile of G. bicolor ethanolic extract was analyzed by HPLC-Q-TOF-MS. Besides, the total phenolic content was determined and its antioxidant activity was compared with vitamin C.
Material and methods

Plant material
Fresh leaves of G. bicolor was harvested from experimental field of Jiangxi Agricultural University in April 2017. The leaves was dried at 60°C in oven. The dry material was smashed by high speed pulverizer in the lab (Qijian Q-400B, Shanghai, China), and then filtered through 40 mesh sieve.
Chemicals
1,1-diphenyl-2-picryl-hydrazil (DPPH), 2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), vitamin C, formic acid (HPLC grade), ammonium thiocyanate, potassium persulfate, ferrous chloride, and ferric chloride were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Milli-Q water was prepared by Millipore apparatus (Millipore, MA, USA). HPLC grade methanol was purchased from RCI Labscan Ltd. (Bangkok, Thailand). All other chemicals were of analytical grade.
Sample extraction
One-half gram of G. bicolor powder was immersed with 25.0 mL of 40% ethanol and then sonicated for 30 min at 40°C using a bath sonicator (100 W, 45 kHz, Kunshan, China). The mixture was centrifuged at 4000 rpm for 5 min. The supernatant was filtered by 0.22 mm pore size filter and then used for total phenolic content determination and HPLC-Q-TOF-MS analysis.
Five gram of G. bicolor powder was immersed with 250 mL of 40% ethanol and then sonicated for 30 min at 40°C. The mixture was centrifuged at 4000 rpm for 5 min. The supernatant was concentrated to 100 mL by vacuum rotary evaporation at 60°C to remove ethanol. The concentrated solution was used for antioxidant study after proper dilution. Its total phenolic content was determined by Folin-Ciocalteu method.
Determination of total phenolic content
The total phenolic content in the extract was determined by Folin-Ciocalteu method. [12] Briefly, in a 10 mL flask, a 0.5 mL aliquot of the extract and Folin-Ciocalteu reagent was added, followed by addition of 1 mL of sodium carbonate solution (15%, w/v). The mixture was diluted to the marker and measured at 765 nm after staying 30 min. A blank sample consisting of water and reagents was used as a reference. The total phenolic content was expressed as gallic acid equivalents utilizing a calibration curve of Y = 94.526X + 0.0388, R 2 = 0.9954, where Y is the absorbance and X is the concentration of gallic acid (ranged from 1.5 to 15 μg/mL).
Antioxidant activity test
Scavenging of DPPH radical [12] : Briefly, a 1.0 mL aliquot of 0.1 mM DPPH radical solution dissolved in ethanol was mixed with 0.2 mL of G. bicolor extract at various concentrations. Vitamin C was used as positive control. After staying 10 min at the room temperature, the absorbance was measured at 517 nm on an Analytik Jena-Specord 200 spectrophotometer (Germany). The DPPH radicalscavenging activity (%) was calculated as:
Scavenging activity = (1 -A 1 /A 0 ) × 100, where A 1 and A 0 are the absorbance in the presence of extract and water, respectively .
Scavenging of ABTS + radical [12] : Briefly, ABTS + was produced by reacting 7 mM ABTS solution with 2.45 mM potassium persulfate (final concentration). The mixture was stood in dark at room temperature for 12-16 h before use. Prior to assay, the solution was 70 times diluted in water to give an absorbance of 0.75 at 734 nm in a 1 cm cuvette. A 1.0 mL aliquot of the diluted ABTS + solution was mixed with 0.2 mL of G. bicolor extract at various concentrations or positive control (vitamin C). After staying 10 min at the room temperature, the mixture was monitor at 734 nm. The radical scavenging activity was calculated as the same as DPPH test.
Reducing power [12] : Briefly, a 1.0 mL aliquot of extract at various concentrations was mixed with 1 mL of phosphate buffer (pH 6.6, 0.2 M) and potassium ferricyanide [K 3 Fe(CN) 6 ](1% in water, w/v). The mixture was incubated at 50°C for 20 min and the reaction was stopped by addition of 1 mL of trichloroacetic acid (10% in water, w/v), followed by centrifugation at 5000 rpm for 10 min. A 1 mL aliquot of the upper layer of solution was mixed with 0.5 mL of FeCl 3 (0.1% in water, w/v), and the absorbance was measured at 700 nm against blanks that contained all reagents except the extract.
HPLC-Q-TOF-MS analysis
The mass spectrometry analysis was performed on a Q-TOF 5600-plus mass spectrometer equipped with Turbo V sources and a Turbolonspray interface (AB Sciex Corporation, Foster City, CA, USA) coupled to a Shimadzu LC-30A UHPLC-DAD system (Shimadzu Corporation, Kyoto, Japan). Acquity UPLC BEH C18 column (2.1 mm × 100 mm, 1.7 μm, Waters) was used. The flow rate was 0.3 mL/min, injection volume was 3 μL, and column temperature was 40°C. The mobile phase was methanol (A) and 0.1% formic acid aqueous solution (B) using a linear gradient program of 1-90% (A) in 0-30 min. The mass spectrometer was operated in the negative ion mode. Ultrapure nitrogen was used as ion source gas 1 (50 psi), ion source gas 2 (50 psi), and curtain gas (40 psi). The Turbo Ion Spray voltage and temperature were set at −4500 V and 500°C, respectively. Declustering potential, collision energy, and collision energy spread were set at 100 V, −40 V, and 10 V, respectively. Data acquisition was performed with Analyst 1.6 software (AB Sciex).
Statistical analysis
Data were expressed as the mean ± standard deviation (SD) of triplicates. Statistical analysis, plotting, and curve fitting were performed by Origin 7.0 (Origin Lab Co., Northampton, MA, USA). One-way ANOVA was used for statistical analysis. Differences were considered significant when P < 0.05.
Results and discussion
Extraction optimization and total phenolic content determination
To determine the total phenolic content in G. bicolor, the sonication assisted extraction conditions were optimized first. Ultrasound treatment has been widely used for the extraction of bioactive compounds from plant material. The propagation of ultrasound pressure waves results cavitation phenomena, which can enhance extraction efficiency through accelerating the eddy diffusion and internal diffusion. [13] The combination of specimen particle size, extraction solvent, sonication temperature, and sonication time have significant effects on extraction efficiency. As shown in Fig. 1(a) , when water was used as the extraction solvent, the extraction yield of total phenolics was 5.2 mg of gallic acid equivalents per g of G. bicolor. However, the extraction yield quickly increased with the addition of ethanol to a final concentration of 40%. Further increasing the ethanol concentration decreased the extraction yield. The optimal extraction solvent was 40% ethanol. Sonication time also showed significant effects, the extraction yield of total phenolics quickly increased from 10 to 30 min, and then slightly decreased with further increasing of sonication time. The highest extraction yield was obtained at 30 min (Fig. 1b) . Figure 1(c) showed the effects of liquid-to-solid ratio. The extraction yield of total phenolics stably increased with the rise of liquid-to-solid ratio first and then became stable. It's easy to understand that to a certain extent, the more extractant, the better mass transfer. As shown in Fig. 1(d) , the optimal extraction temperature was selected at 40°C.
With the criterion of higher extraction yield of total phenolics, the optimal conditions of extraction solvent, sonicaiton time, temperature, and liquid-to-solid ratio were selected as 40% ethanol, 30 min, 40°C, and 50:1, respectively. G. bicolor sample was extracted under these conditions for three times. The total phenolic content determined in each times were 7.52 ± 0.27, 1.61 ± 0.11, and 1.25 ± 0.13 mg of gallic acid equivalents per gram of dry matter, respectively. Thus, the total phenolic content in G. bicolor sample was 10.38 mg of gallic acid equivalents per gram of dry matter. -. Figure 2 (a) was the base peak chromatogram of G. bicolor extract. As shown, 28 main peaks were found in the chromatogram. Among them, 23 compounds were identified. The detailed information of each peak was summarized in Table 1 . Seven hydroxycinnamic acid derivatives were identified in G. bicolor, including 5-O-caffeoylquinic acid, caffeoyl glucose, 3-O-p-coumaroylquinic acid, 3-O-feruloylquinic acid, 5-O-p-coumaroylquinic acid, 3,5-Di-O-caffeoylquinic acid, and 4,5-Di-O-caffeoylquinic acid. The six hydroxycinnamoylquinic acids yielded a product ions at m/z 191, which is quinic acid moiety and represent the base peak of the fragments. The linkage position of acyl substituent groups on the quinic acid molecule can be deduced based on the fragmentation patterns. As summarized by Gouveia et al. [25] and Weisz et al. [26] ,
when acyl groups connected to the 4-OH position of quinic acid, [quinic acid-H-H 2 O]
− ion at m/z 173 is the base peak. When the acyl group is attached to the 3-OH or 5-OH position, the [quinic acid-H]
− ion, at m/z 191, appears as the base peak and the [caffeic acid-H] − ion at m/z 179 or [coumaroylquinicacid-H] − ion at m/z 163 is more significant for 3-OH compounds. Based on these experiences, the isomeric substances of peaks 13 and 15, peaks 18 and 22, were differentiated.
Five flavonoids, quercetin-3-O-rutinoside (rutin), quercetin-3-O-galactoside, quercetin-3-acetylhexose, kaempferol-3-O-glucoside, and kaempferol-3-O-caffeoylate, were identified in G. bicolor. Two other phenolic compounds, protocatechuate-O-glucoside and isobavachalcone were also found. Besides, citric acid and malic acid, the two organic acid commonly found in plants, and one coumarin substance, dihydro-phellopterin, were identified. Fig. 2(b) , 11 compounds could found corresponding peak in the chromatogram. According to the peak area in Fig. 2(a) and (b) , it can be deduced that hydroxycinnamoylquinic acids are the main phenolic constitutes of G. bicolor. Hydroxycinnamic acid derivatives are important class of polyphenolic compounds originated from the Mavolanate-Shikimate biosynthesis pathways in plants. Studies have showed that these phenolic compounds possess potent antioxidant and antiinflammatory properties, and have potential therapeutic benefit in experimental diabetes and hyperlipidemia. [27] Our findings may provide some supported evidences for the health-promoting functions of G. bicolor.
In summary, 14 phenolic compounds, including 9 polyphenols and 5 flavonoids were identified in G. bicolor. 3-O-and 5-O-p-coumaroylquinic acid were the most abundant phenolic compounds in G. bicolor. Compared with the HPLC analysis performed by Chao et al., [5] most of these compounds were identified and reported for the first time in G. bicolor.
Antioxidant activity of G. bicolor ethanolic extract
The accumulation of ROS causes high oxidative stress in human body, which may contribute to the development of many diseases, such as cardiovascular disease, neurodegenerative disorders and even cancers. [28, 29] Although human have endogenous antioxidant defenses against ROS, consumption of dietary antioxidants is also very important. There are many methods for testing antioxidant activity of plant extract. In the present study, three commonly used in vitro methods, DPPH, ABTS radical scavenging, and reduce power, were used for evaluating the antioxidant activity of G. bicolor ethanolic extract, and the results were compared with vitamin C as the positive control. The data may provide a useful indication of antioxidant activity of G. bicolor although it is difficult to be applied to biological systems. As shown in Fig. 3(a) , the DPPH radical scavenging ability of G. bicolor extract steady increased with the rise of total phenolic content. The scavenging rate reached 90% under the concentration of 140 μg/mL. Similar results were found in ABTS radical scavenging test. The antioxidant activity of G. bicolor extract was weaker than that of positive control, vitamin C. However, they were comparable with difference in the same order of magnitude. As listed in Table 2 , the EC50 values (the concentration at which the scavenging ratio reaches 50%) of G. bicolor extract to DPPH and ABTS radicals were 44.35 μg/mL and 36.36 μg/mL, respectively. Correspondingly, the EC50 values of vitamin C were 15.51 μg/mL and 5.83 μg/mL, respectively.
The reducing power is determined on the basis of the ability to reduce ferric (III) iron to ferrous (II) iron. Compounds with reducing power indicate that they are electron donors and can reduce the oxidized intermediates of lipid peroxidation processes, which is strongly correlated with its antioxidant properties. Increased absorbance of the reaction mixture indicates greater reduction capability. Figure 3C showed that G. bicolor extract possesses the reducing powder, and the reduction capability steady increased with the rise of concentation. The EC50 values (the concentration at which the absorbance reaches 0.5) of G. bicolor extract was 36.92 μg/mL, while vitamin C less than 3 μg/mL. Similar to DPPH and ABTS radicals scavenging test, the reducing powder of G. bicolor extract was weaker than that of vitamin C.
Conclusion
The optimized solvent for phenolic compounds extraction from G. bicolor was 40% ethanol and the total phenolic content was determined as 10.38 mg of gallic acid equivalents per g of dry matter. The ethanolic extract of G. bicolor showed appreciable antioxidant activity. Twenty three compounds were identified in G. bicolor by HPLC-Q-TOF-MS analysis. Among them, 14 phenolic compounds, including 9 polyphenols and 5 flavonoids were found. Compared with published literatures, most of these compounds were identified and reported for the first time in G. bicolor. Hydroxycinnamic acid derivatives, particularly 3-O-and 5-O-p-coumaroylquinic acid, were the main phenolic constituents of G. bicolor. Because hydroxycinnamic acid derivatives possess many health-promoting bioactivities both in vitro and in vivo, our present study provided some evidences that daily consumption of G. bicolor, the vegetable popular in many Asian countries, may bring some positive effects on human health. 
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